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The development of accurate measures of animal emotions is important for improving and promoting animal welfare. Cognitive bias indicates the effect of emotional states on cognitive processes, such as memory, attention, and judgement. Cognitive bias tests complement existing behavioural and physiological measures for assessing the valence of animal emotions indirectly. The judgement bias test has been used to assess emotional states in non-human animals; mainly in laboratory settings. The aim of this review is to summarise the findings on the use of the judgement bias test approach in assessing emotions in non-human animals, focussing in particular on farm livestock. The evidence suggests that it is possible to manipulate affective states and induce judgement bias effects in farm livestock. In addition, the results support the effectiveness of manipulating environmental variables for inducing negative or positive affective states. However, the evidence from farm livestock does not consistently confirm the directionality of the hypotheses. The use of specific strategies to induce positive or negative judgement bias, such as the manipulation of housing conditions, could account for the inconsistency of findings. The study of cognitive processes related to emotional states in livestock has great potential to advance and improve our understanding of animal welfare.





The ability to experience affective states has a key role in the lives of animals (Mendl et al 2009, 2010a; Briefer 2012, Panksepp 2005). Emotions arise in salient situations and allow animals to maximise the acquisition of fitness-enhancing rewards and minimise the exposure to fitness-threatening cue (Rolls 2005; Burgdorf & Panksepp 2006, Nettle & Bateson 2012). Human psychology considers that emotional states have a multifaceted nature (Lerner & Keltner 2000; Clore & Ortony 2000). In addition to conscious experience of emotion, other components, such as behavioural and physiological changes associated with the emotional states are also included. For example, fear not only includes the subjective feeling of terror, but it is also associated with changes in heart rate, raised blood pressure and increased tendency for fleeing or freezing behaviour. While in humans linguistic reports are often used to investigate the conscious experience of emotion, the same approach cannot be used in animals. Instead, behavioural and physiological components are used to investigate emotional states in animals. Recently Paul et al (2005) proposed to investigate the interactions between emotions and cognition. Cognitive processes and emotions interact in at least two possible ways: 1) cognition can trigger particular emotional states, and 2) cognition can be influenced by specific emotional states (Danzer 2002; Desiré et al 2002; Paul et al 2005). This is a crucial point due to the potential bidirectional causal relationship between cognition and emotion. 

In humans, research has shown that cognitive processes, such as attention, memory and judgement are influenced by emotional states. The interaction between emotion and cognition has an adaptive value, as it helps to memorize information or make judgements about circumstances or stimuli (Mineka et al 1998; Paul et al 2005; Haselton & Nettle 2006). Negative affective states, such as anxiety and depression, can cause increased attention and recall of threatening and negative stimuli (e.g. Eysenck et al 1991; Gotlib & Krasnoperova 1998). Numerous experimental studies have been conducted on people with anxiety to examine attention biases, using mainly two computerized paradigms. The first is the visual dot probe task, in which two words are presented to participants on a computer screen and followed by a probe presented in the location of one of the two preceding words. The rationale behind this task is that participants experiencing negative affect will be quicker at detecting a probe when it replaces a threat word than when it replaces a neutral word (Paul et al 2005). The second paradigm is known as the Stroop colour naming task, in which words are presented in a variety of colours and participants need to name the colour while ignoring the meaning of the word. These have shown that anxious subjects are particularly prone to bias their attention towards threatening information (Mathews & MacLeod 1985, 1994; MacLeod et al 1986). Also, emotional states influence decisional processes, such as the likelihood of interpreting ambiguous information in a pessimistic or optimistic way (Nygren et al 1996; Wright & Bower 1992; Johnson & Tversky 1983). For example, anxious or depressed subjects tend to have pessimistic interpretations of ambiguous stimuli (Eysenck et al 1991). People in happy moods tend to overestimate the likelihood of positive outcomes and events, and underestimate the likelihood of negative ones instead (Nygren et al 1996; Wright & Bower 1992). There is no reason to hypothesize that such effects are restricted to humans. In recent years, investigations of the cognitive components of emotions, together with other physiological and behavioural characteristics, have been regarded as a potential valuable source of information about animal emotions (Paul et al 2005; Mendl et al 2009). 

A new integrative and functional theoretical approach has been proposed to assess emotions and mood in animals (Mendl et al 2010a). The conscious experience of emotions can be characterized in terms of valence and arousal defined as core affect (Russell 2003; Barrett et al 2007). Core affect is conceptualized in two dimensional axes and four different quadrants (Figure 1) in which emotional states are allocated: Q1: positive valence and high arousal; Q2: positive valence and low arousal; Q3: negative valence and low arousal and finally Q4: negative valence and high arousal. The activity of the primitive bio-behavioural system that underpins the two evolutionary important functions of acquiring reward and avoiding punishment may map on to the Q3-Q1 and Q4-Q2 axes of the core affect space respectively (Mendl et al 2010a). The core affect is a representation of subjective manifestation of any emotion or mood state and the space allows us to identify the structure of subjective emotional experience. This framework suggests that the measurement of different aspects of the emotional experience (e.g. neurophysiological, behavioural and cognitive components) is possible on two dimensions: arousal (intensity) and valence (negative or positive).The main advantages of this new approach are: 1) to offer a structure to identify the wide range of emotional states in a functional perspective (i.e. according to the adaptive value of the emotional state); 2) to suggest how long-term mood state derives from short-term discrete emotions and how they might guide decision making; 3) to generate novel measures of animal emotion and mood. The framework proposes that it is possible to impose (or remove) rewarding and punishing stimuli to generate specific affective states (Q1-Q4). This would allow making a priori predictions about how these will influence behaviours, physiological and cognitive readouts of position in the core affect space, including judgement biases (Mendl et al 2010a).  

The first study exploring the association between induced emotional states and cognitive bias in animals was by Harding et al (2004). The research consisted of a training phase in which rats (Rattus norvegicus) had to discriminate between two sound stimuli at different frequencies (2 or 4 kHz), signalling a positive event (food) or a negative event (no food and noise). Rats had to perform a particular operant response (i.e. pressing a lever) to obtain the food or refrain from pressing a lever to avoid unpleasant white noise. Once trained on this task, rats were allocated to either predictable or unpredictable housing. After the housing manipulation, the rats were tested with non-rewarding probe tones of intermediate frequency (2.5, 3 and 3.5 kHz). The hypothesis was that rats experiencing negative emotional states (housed in unpredictable condition) would be more prone to judge ambiguous tones as predicting negative events, while rats in positive emotional states would show an opposing trend. Rats under unpredictable housing condition behaved as expected, making a lower proportion of positive responses (pressing a lever) when the ambiguous tone was close to the tone positively associated with the food as well as with the food tone itself.  They were also slower in making these responses compared with the control condition. 

Since Harding et al (2004), others have tested cognitive bias in a diverse array of animals. These include studies on dogs (Canis lupus familiaris; Mendl et al 2010b; Burman et al 2011), starlings (Sturnus vulgaris; Bateson & Matheson 2007), and rats (Rattus norvegicus; Burman et al 2008a, 2008b, 2009; Matheson et al 2008), which have all replicated the findings, and confirmed the link between emotional states and cognitive processes. However, the findings have not been supported in some other studies involving starlings (Brilot et al 2009), hens (Gallus gallus; Wichman et al 2012) and bears (Ursus arctos horribilis; Keen et al 2013). Nevertheless, overall, the wide variety of species used and the range of experimental contexts in which judgement bias has been tested provide a good indication of the external validity of the task and support the hypothesis that it reflects emotional states. 

Studies investigating the link between emotional states and cognitive processes have been reviewed by Mendl et al (2009). This review summarised studies from 2004 to 2009 and includes published papers or conference abstracts, as well as unpublished findings and two human studies. In the review, the authors discuss the generality of findings, and comment on the influence of feeding motivation, general activity and learning on the results. Also, they discuss whether the bias observed, the manipulation adopted and the set-up of the task could provide information about different types of affective states. Most of the studies considered provided evidence for judgement bias, confirming the predictions from the original Harding et al (2004) study. Where the results were not in line with predictions, reasons such as the use of a wide range of species and different affect manipulation paradigms were suggested. 

Judgement Bias and Farm Livestock 
The aim of our review is to extend Mendl et al (2009) work, and focus specifically on farm livestock in this fast-moving and important area of animal welfare research. Indeed, 25 papers on cognitive bias have been published during the period from the Mendl et al (2009) review until May 2014, and 14 of them have focussed on farm livestock. In particular, more recent studies investigated the role of experimentally induced emotional states on cognitive processes. Interest in this area of research is increasing greatly and could guide potential applications to improve animal wellbeing. The welfare of animals, including physical and mental wellbeing, is a major concern for society (Duncan 1996; Dawkins 2006, 2008; Wathes 2010). The recently suggested idea of mental wellbeing implies that animals are sentient (i.e. have/express emotions) and are responsive to the environment (Boissy & Erhard 2014). One of the aims of welfare science is to provide experience of a “life worth living” (FAWC 2013). This is just one example of how the focus of attention has changed from simply avoiding neglect and suffering, to providing and promoting positive welfare (Boissy et al 2007). In particular, understanding how physical and psychological distress causes negative emotional states (both acute or chronical stress) that lead to longer-term moods is vitally important (defined as sum of short term emotional episodes, Nettle & Bateson 2012). The judgment bias test represents an innovative, versatile and feasible way to investigate emotional states in farm livestock.  

In this review we first describe the methodology and criteria used for the selection of studies included. Then, we illustrate the main paradigms used to study the judgement bias test, highlighting strengths and weaknesses. Finally, we report the main findings of the studies selected. In the last sections of this review we provide a summary of findings and discuss potentially limitations and future directions.

Literature Search and Study Selection
For inclusion in our review, we used the following criteria for studies: 1) published in peer-reviewed journals, 2) English language, 3) experimental studies of animal subjects, and 4) use of pharmacological treatment to induce emotional states. The electronic databases Ovid, Pubmed and Web of Knowledge were used to identify the relevant papers and no temporal limits were used. PRISMA guidelines were used to conduct the literature search (Moher et al 2009). The keywords used to conduct the search were: “Animal” AND (“Welfare” OR “Mood” OR “Emotion”) AND “Cognitive bias”. The authors (L.B. and A.G) were responsible for the literature search, final screening and assessment for eligibility. Criteria compliance was agreed by two authors. Bibliographies from all relevant reviews were inspected for additional studies not yielded by the search. A total of 249 papers were identified; and 32 papers were included after checking for key criteria and removing duplicates. The main characteristics of the 32 studies included in the review are reported in Tables 1 and 2. The experimental paradigms and main findings will be described.

Experimental paradigms
Three different paradigms were used in the selected studies: 1) Go/No-Go task; 2) active choice task; and 3) natural behaviour task. 

Go/No-Go task 
This task was used in the first study (Harding et al 2004) and has formed the basis for most subsequent research. In this task, animals are trained to perform a response associated with a cue (auditory, visual, spatial and olfactory) in order to experience a positive event (e.g. food), and to perform a different response to avoid a negative or less positive event. After training, animals are presented with an unreinforced ambiguous cue. According to the human literature (Paul et al 2005, for a review on humans and animals), subjects in a putative negative emotional state would be more likely to categorize the ambiguous cue as predicting the negative event and thus more likely to show the negative response (i.e. negative judgement bias). 

The majority of the studies (N = 22) included in this review used the Go/No-Go task paradigm (Harding et al 2004; Bateson & Matheson 2007; Burman et al 2008a, 2011; Brilot et al 2009; Doyle et al 2010, Mendl et al 2010b; Bateson et al 2011; Doyle et al 2011a, b; Sanger et al 2011; Boleij et al 2012; Destrez et al 2012, 2013; Douglas et al 2012; Wichman et al 2012; Richter et al 2012; Briefer & McElligott 2013; Daros et al 2014; Neave et al 2013; Verbeek et al 2014a, b) and a judgement bias was found in 20 studies. However, some concerns linked to this task have been suggested (Mendl et al 2009). In particular, in its current form, it does not allow disentangling whether the responses emitted are due to low motivation in completing the task or an effective negative judgment bias. However, a lowered response to the positive stimulus might indicate the effect of low motivation in completing the task. Another potential limitation is that it is not possible to exclude that the bias found is due to the repeated number of trials used during the training phase (i.e. learning process). 

Active choice task
The active choice task for studying judgement bias was developed by Matheson et al (2008) and requires the subject to respond actively to both the positive and negative stimuli. In other words, the subjects needs to make the same type of response to both cues (e.g. press right lever vs press left lever; dig in right bowl vs dig in left bowl). Subjects are always reinforced with food. The necessary differential value in the reinforcements is generated by delaying or decreasing the reward (i.e. the positive stimulus is associated with immediate reward, whereas the negative stimulus is associated with delayed reward or with a reduced amount of food), or by presenting an aversive stimulus (Rygula et al 2012; Papciak et al 2013). This task has been used in seven studies included in this review (Matheson et al 2008; Brilot et al 2010; Brydges et al 2012; Pomerantz et al 2012; Rygula et al 2012; Keen et al 2013; Papciak et al 2013) and a judgement bias has been found in six of them. The Active Choice task allows the limitations of the Go/No go task to be overcome, in that it does not allow omission responses which might be due to pre-existing motivational states or temperamental traits (e.g. low levels of novelty seeking and impulsivity) (Brilot et al 2010; Papciak et al 2013). In other words, the advantage is that by using the same type of response (e.g. lever press) for both cues, any general changes in motivation to show this response that are induced by affect manipulations apply equally to the two training cues. The disadvantage of this task is that it requires several training sessions. 

Natural behaviour tasks and alternative task
Natural behaviour tasks are based on animals’ spontaneous responses of approaching/avoiding specific cues. The use of this task is relatively recent and only 2 studies included in this review have used it (Brilot et al 2009; Salmeto et al 2011). In the first experiment (Brilot et al 2009), starlings were tested on their approach or avoidance response to food close to aversive eye-spot stimuli. The stimuli were presented in either an unambiguous or ambiguous form and the main hypothesis was that birds in more negative affective states would be more likely to delay their approach to ambiguous stimuli. The hypothesis was not supported. The authors suggested that the affect manipulation strategy might have not been effective in inducing an emotional response. 

In the second study (Salmeto et al 2011), chicks were exposed to two different conditions: 5 minutes of isolation to induce a putative anxiety-like state and 60 minutes of isolation to induce a depressive-like state. They were then tested in a straight alley maze with a series of morphed ambiguous potentially attractive chick silhouette cues and aversive owl silhouette cues. The results showed that in the control group (non-isolated chicks), runway start and goal latencies generally increased on the basis of the aversive characteristics of cues. In chicks in the anxiety-like state, runway latencies increased for aversive ambiguous cues, reflecting more pessimistic-like behaviour. In chicks in the depression-like state, runway latencies increased for both aversive and appetitive ambiguous cues, reflecting more pessimistic-like overall. 

Natural behaviour tasks have the potential to not require training. This is in contrast to protocols that use visual or auditory cues, which require large numbers of conditioning trials. However, the use of appetitive and aversive cues eliciting spontaneous approach and avoidance behaviour is effective only when a salient cue is selected (Brilot et al 2009) and  further investigation is needed to clarify the nature of the specific decision making processes that this paradigm measures.

One study used an alternative task to test judgement biases in rats (Rattus norvegicus) (Burman et al 2008b). In this experiment, rats were trained to run down a runway for 12 pellets of food (Burman et al 2008b). The size of the food reward was decreased to just one pellet for all remaining trials once the rats started to run at a constant speed. Decreasing the amount of food reward for which the rats had been trained, increased the sensitivity to reward loss and induced a negative emotional state. Burman et al (2008b) found that rats ran more slowly for the smaller reward than those that had been trained to run for one pellet throughout the study. Also, rats that had been switched from enriched to barren housing showed a longer lasting negative contrast effect than those that remained in the enriched environment and received additional enrichment objects. The conclusion was that animals in the negative affective state appeared to be more sensitive to loss or failure. 

General findings
The studies summarised in Table 1 were carried out on six mammal species, two bird species and one insect species. Cues of five different types (auditory, visual, spatial, tactile and olfactory) and a variety of experimental manipulations to induce affective emotions were employed. The literature synthesis shows that 29 studies found evidence for judgement bias following emotional manipulation (see tables 1 and 2). Three studies did not find a bias and reported methodological explanations to account for this (Brilot et al 2009; Wichman et al 2012; Keen et al 2013). Brilot et al (2009) proposed that the use of eyespots in their experiment might have not been effective to induce fear and anxiety due to the lack of resemblance with any biologically relevant stimuli. Similarly, the enriched environments used might have not been effective to induce a change in the emotional states because of the limited time of exposure (Keen et al 2013) or too small differences between the basic and the enriched environment (Wichman et al 2012). These findings show that the effective induction of putative emotional states might have critical importance in the assessment of judgement bias.

Livestock animals 
Studies inducing acute and chronic stress 
Ten studies investigated the effect of a stressor on judgement bias in livestock. The first paper (Doyle et al 2010) found that restrained and isolated sheep (RIS) had a more positive interpretation bias than control subjects. These results were in contrast to the a priori hypothesis that the RIS condition would induce negative judgment bias. It is possible that the effects of the RIS procedure were no longer evident when the sheep were tested on the judgment bias test. Also, sheep might have been prone to seek a positive event to balance their situation following a negative event experience (Spruijt et al 2001). In a second study from the same research group, lambs exposed to unpredictable, aversive events over a longer period of time (3 weeks) were found to show negative judgement (Doyle et al 2011a). The authors suggested that the results could be due to a pessimistic-like judgement bias, but it is also possible that the lambs learned that ambiguous locations were unreinforced and subsequently showed less approaches to ambiguous locations. The stressed lambs learned more rapidly than control lambs that the ambiguous locations were unreinforced. However, in this experiment the stressed lambs under aversive and unpredictable events for 4 weeks (e.g. restrained, inaccessible food) did not show physiological evidence of a chronic stress, which posits the question on whether and to what extent the animals became effectively distressed.  

In a similar experiment Sanger et al (2011) investigated the effect of release from the acute stress of shearing on judgement bias in sheep. 24 sheep were tested individually and divided in two cohorts (n = 6 control, and n = 6 shorn animals) following the shearing procedure on two consecutive days. Both cohorts were tested again after 8 days. It was found that releasing sheep from the acute stress of shearing produced a positive judgement bias in the first cohort of animals, in line with what previously found by Doyle et al (2010, 2011a) and Spruijt et al (2001). However, the results were not replicated in the second cohort of animals. The control group of the second cohort was tested the day after seeing and hearing the shearing procedure. The shearing procedure, in fact, took place outside and close to experimental sheep. This might have induced anticipatory anxiety followed by a positive judgement bias, and cancelled the effect of treatment between groups. The results of the first cohort seem more reliable as they are not affected by this methodological issue. Non-significant results were obtained when both cohorts were retested after 8 days. This could indicate a rapid recovery from an acute stressor.

Destrez et al (2012) investigated the effect of chronic stress on the judgement bias test in sheep. In contrast to Doyle et al (2011a), chronic stress was provided for an extensive period of 9 weeks in which lambs were under unpredictably and uncontrollably subjected to negative events in a farm setting (presence of dog, odour of killed conspecific, and human handling procedure). The group exposed to prolonged chronic stress had a negative judgement bias for all the ambiguous cues and the negative cue, compared with the control group. The treated group also took longer to approach the location of cues. Lambs were tested for two consecutive days and the responses of the treated group were more salient on the second day.  

Verbeek et al (2014a) showed that food restriction not only influenced judgment bias, but also attention toward food related stimuli in sheep. In this study, two groups were treated differently in terms of food availability. The high feeding level group received gradually increasing quantities of food during 7 days (i.e. from 110% to 170% of maintenance required); whereas the low feeding level group received decreasing amounts of food (from 58% to 50%, and again to 58% of maintenance required). The study showed that the low feeding level group had more optimistic judgement bias despite the decreased amount of food received and the resulting weight loss. One possible explanation is that a short period (7 days) of food restriction may not have been enough to induce a negative affective state. The fact that restricted animals approached and judged optimistically ambiguous cues confirms this explanation. Food restriction could have activated exploratory behaviours and locomotor activity associated with hunger. Also, hungry sheep could have been more incentivised to take some risks to find food. Overall, the results of the study showed that food restriction altered the behaviour of sheep (activate the animal in order to find food), but further investigations are needed to clarify the mechanisms through which the change happened.

Neave et al (2013) investigated whether the dehorning procedure of dairy cattle calves (Bos taurus) produced changes in emotional states that would be evident in a judgement bias task. The main hypothesis was that calves in pain after dehorning would show a pessimistic bias in judging the ambiguous stimuli. Calves were tested on a touch screen Go/No-Go task twice. In the first experiment, they were tested 2 h, 16 h, and 26 h before being sedated for the dehorning procedure and 6 h and 22 h afterwards. In the second experiment, the calves were tested 2 h and 16 h before and 6 h and 22 h afterwards. The study showed that animals before the dehorning procedure approached the ambiguous stimuli with a similar proportion of that observed in the training phase. After the dehorning procedure, calves approached the ambiguous stimuli less, showing a pessimistic bias. Overall, calves experienced a negative emotional state for at least 22 h after dehorning. 

Using similar methodology, Daros et al (2014) investigated the effect of separation from their mothers on calves using the judgement bias test. They then subsequently compared this effect with that of the dehorning procedure. Animals were tested at baseline, after the separation, and 12, 36 and 60 h later. The results showed a negative judgement bias of calves (reduction of “Go” responses) after 36 h of separation from the mother, which was similar to the bias found after dehorning. This finding is particularly interesting as it demonstrates how psychological and physical stressors might have the same effect on emotions and cognitive processes.

Briefer and McElligott (2013) investigated the impact of past experience of poor welfare (rather than short-term distress), on decision making in goats. The study compared a group with a history of poor welfare with a control group that had experienced of good welfare. The authors applied Codes of Recommendation for the Welfare of Goat (DEFRA, 1989) on the distinction between good or poor welfare. The study was aimed at investigating any differences in mood (long term emotional states not linked directly to the event) after the animals had received more than 2 years of good care. The hypothesis was that prior poor welfare conditions could have induced a negative long-term effect on the goats’ mood. The study found no overall effect of past welfare conditions during a judgement test. This finding indicates that goats could recover from the effects of long negative experiences. Also, results highlight the crucial role of prolonged good care experiences to reduce the impact of negative experiences on a judgement bias test. Briefer and McElligott (2013) found sex differences in the interaction between welfare experience and cognitive bias; the female group that had experienced poor welfare had an optimistic bias compared to females in the control group. The results showed no difference between the poor welfare and control groups in male goats. 

Although all the above studies investigated the effect of a stressor on cognitive bias in livestock species, the time of exposure to the stressful event varied amongst them. In particular, some studies (Doyle et al 2010; Sanger et al 2011; Verbeek et al 2014a) used an acute stressor (3 minutes - 1 week), whereas others (Doyle et al 2011a; Destrez et al 2012) employed a chronic stressor lasting 3 or 4 weeks. Contrary to their hypotheses, the first group of studies found a positive judgement bias following exposure to acute stressor. Studies using exposure to chronic stress, instead, confirmed the induction of a negative judgement bias. One possible explanation for these findings is that releasing animals from short-term exposure to stressors could induce stronger emotional effects (i.e. positive) than the experimental manipulation (i.e. negative). By contrast, exposure to chronic stress could induce longer-term negative emotions (i.e. negative mood) and a pessimistic bias. However, when interpreting findings, it is important to take into account not only the duration of the
treatment, but also the duration of the stress experienced by the animal. It is plausible that different forms of short-term treatment might have different effects on emotional states. Some treatments might not generate emotional state change whereas others (even when acute), might have long lasting effects, with an ongoing presence during testing.

Other variables that might affect results across studies are, the duration of the training phase and the outcome of task learning. For example, the majority of studies have used a cut off of 25 to 30 s for two  consecutive training sessions to define the learning of the “no go” response. The cut off for the “Go” (approach) response was usually less than 10 s. After this phase, animals were tested. Briefer and McElligott (2013) did not include a specific target duration for the Go/No-Go responses, but used instead the significant difference between approach/non-approaches as an outcome measure of successful training. Surprisingly, a positive bias was found in response to the “negative” stimulus (i.e. stimulus learned to be negative during the training), although no experimental manipulations had been administered between the training and the testing phase. A possible interpretation for these findings is that poor animal welfare might affect learning times (e.g. longer), as well as the performance on the judgement bias task.

Studies using environmental enrichment 
Two studies have investigated the impact of housing conditions on decision-making (Douglas et al 2012; Wichman et al 2012). Douglas et al (2012) tested pigs housed in two different housing conditions (enriched vs barren) in four consecutive tests alternating the housing condition in the animal group over the experiment.  According to their hypothesis, pigs housed for 5 weeks in an enriched environment were more likely to respond positively to an ambiguous auditory cue than pigs housed in a barren environment. In addition, the study explored the performance on the judgement bias test when subjects had been allocated to the other housing condition (from barren to enriched and vice versa) 2-7 days before being tested. Then, they were moved to the original condition (enriched to barren) and re-tested 2 and 7 days afterwards. This complex design had the purpose of testing any interactions between the different environments and the judgment bias. Animals kept in the enriched environment approached the ambiguous stimuli more often (more optimistic bias) than the animals kept in the barren environment, independently of their training environment. Pigs trained in the enriched housing condition were more pessimistic when moved to the barren housing condition. Animals with prolonged experience (5 weeks) of the enriched environment were more sensitive to a reduction in the quality of the environment than those that had experienced the same condition during a shorter period (7 days). This study confirms the impact of changes in housing conditions on judgement bias (Bateson & Matheson 2007). This study is the only one that applied a design based on auditory rather than visual discrimination. However, after realising that pigs were unable to discriminate a glockenspiel sound that was an octave different from the positive and negative cues, the researchers introduced a change in the procedure. They decided to use three different sounds to anticipate the negative, positive and ambiguous cues (i.e. they used a clicker, the glockenspiel, and a dog toy sound, respectively). 

Wichman et al (2012) did not find clear evidence for the effect of housing conditions on domestic chicks. In this experiment, chicks were tested twice with a cross over design. The hypothesis was that chicks in the enrichment housing condition would be in a positive affective state, and therefore faster to approach the ambiguous cue. Contrary to the hypothesis, the chicks in the enriched condition had a tendency to approach the middle cue more slowly. The authors suggested that this tendency could be attributed to the small differences between the two experimental conditions in terms of the enrichment provided. Furthermore, the extra food provided as part of the enrichment condition may have reduced the motivation of the chicks to work for the reward. Correlational analyses highlighted that other factors, such as individual fear level, and relationship between chicks and motivation to feed could influence the performance on the cognitive bias test and explain the unexpected results. Almost all the studies that have investigated the effect of housing conditions on cognitive bias (Bateson & Matheson, 2007; Douglas et al 2012), used a set-up of good or poor housing (enriched or not) with a prediction that animals in poor housing conditions would express negative responses to ambiguous stimuli. It has been more difficult to find evidence of positive judgement bias in animals that had a temporal transition from standard to enriched housing condition, with the exception of a few (Burman et al 2009; Doyle et al 2010).

Overall, the research supports the evidence of using judgement bias tasks to assess emotional states in livestock, and the effectiveness of manipulating environmental variables, such as enrichment and welfare practices to induce negative or positive emotional states. However, the use of different species, protocols, and methodologies limit the possibility for comparing findings and drawing definitive conclusions. The use of multidimensional measures of emotional states (i.e. physiological as well as behavioural parameters, Paul et al 2005; Boissy et al 2007) would facilitate much better interpretation of the findings of future studies. 

Pharmacological treatment in farm livestock
Other strategies to induce changes in emotional states include using pharmacological treatments. To date, this approach has been applied only in sheep (Doyle et al 2011b; Destrez et al 2013 and Verbeek et al 2014b). The administration of a serotonin-antagonist (p-Chlorophenylalanine (pCPA)) in a group of 15 sheep, for example, was associated with a pessimistic response during the judgement bias task (Doyle et al 2011b). The experimental design used in this study (Doyle et al 2011b) included two groups of animals (controls, which received a saline injection, and treated, which received the injection of 40 mg/Kg of pCPA). Sheep were tested on the judgment bias test after 3 and 5 days of pharmacological treatment, and 5 days after the cessation of treatment. The effect of pCPA was visible after 5 days (i.e. the treatment group approached the ambiguous location less than the control group showing a negative judgement bias) and a trend (negative judgment bis) was found after the cessation of the treatment. No effects were observed during the 3 days of treatment. Overall, the serotonin-antagonist (which is involved in causing negative emotional symptoms) decreased the level of serotonin in the brain and induced depression-like behaviours.

(Destrez et al 2013) investigated the use of diazepam to reduce negative bias of ambiguous stimuli. This hypothesis was based on the evidence that benzodiazepine has an effect on the reduction of negative affective states, such as anxiety and fear in cattle (Sandem et al 2006). A sample of 20 lambs was tested twice using a spatial differentiation test (Burman et al 2008 and Doyle et al 2010), 10 min and 3 h after the injection of diazepam. The control group took longer to get closer to the positive ambiguous location than the treated group. This finding was interpreted to suggest that the treated group showed a positive judgement bias due to fear reduction, associated with the administration of diazepam. In the same study (Destrez et al 2013), the treated group also showed a reduction of fear in isolation and during a suddenness test. It’s possible that the injection of diazepam may have induced a reduction of mnemonic capacity to differentiate the positive and close to positive locations. 

Verbeek et al (2014b) investigated how morphine (an opioid agonist) and naloxone (opioid antagonist) affect judgement bias after receiving two different rewards in sheep. The hypothesis was that consuming palatable food would generate a more optimistic bias, and that the injection of morphine would boost this bias and reduce the effect of unpalatable reward (i.e. pessimistic bias). It was also hypothesised that naloxone would generate opposing results, preventing the optimistic bias after palatable food and producing a small effect on unpalatable food. The results were to some extent in line with predictions, except for the naloxone which did not affect the judgement bias test and thus did not induce a different affective state in sheep. However, the results were based only on a single session during one day even though animals were tested twice. Verbeek et al (2013) also investigated the effect of administration of ghrelin in sheep, a peptide involved in the regulation of behavioural adaptations to food intake regulation. In this study, administration of ghrelin induced a pessimistic judgement bias (i.e. increased motor activity).  





The aim of this review is to summarise and discuss studies using cognitive bias methodology to assess emotional states in animals. In particular, the research included in this review aimed to test the hypothesis that inducing a putative emotional state has a temporary effect on information processing (i.e. judgement of an ambiguous stimulus). The summary of these studies indicates that 28/32 studies found a judgement bias. However, the predictions related to the valence of the bias were not always confirmed. This raises the interesting question as to whether the intended emotional states were successfully induced and tested. A multimodal assessment (Briefer et al in press) of the emotional state induced prior to judgement bias testing might provide an answer to that question, and a stronger rationale for interpreting the successful induction of a judgement bias. Results from five studies in livestock species indicate that animals exposed to long-term stressors (Doyle et al 2011a; Destrez et al 2012), psychological stress (Daros et al 2014) or receiving specific pharmacological treatments (i.e. pCPA and ghrelin; Doyle et al 2011b; Verbeek et al 2014b) have a negative judgement bias. By contrast, four studies show the presence of a positive judgement bias, mainly by including changes to housing conditions (Douglas et al 2012), routine care (Briefer & McElligott 2013), and using diazepam and morphine (Destrez et al 2012; Verbeek et al 2014b). Surprisingly, releasing animals from short-term stressors induced positive emotional states (Doyle et al 2010; Sanger et al 2011; Verbeek et al 2014a), with the exception of one study (Neave et al 2013). However, in Neave et al 2013, it might be that calves were still experiencing the pain from the dehorning at the time of testing. This indicates that different forms of short-term treatment might have different effects on emotional states. Some might not generate emotional state change, whereas others might have long lasting effects with an ongoing presence during testing. 

Overall, the research findings support the use of judgement bias tests to explore emotional experiences in animals. The possibility of successfully testing emotional states in animals is particularly relevant in farm settings. Indeed, one of the aims of welfare practices is to promote a better quality of life in livestock (Danzter 2002; Paul et al 2005; Boissy et al 2007; Mendl et al 2010a; Wathes 2010; FAWC 2013). The use of cognitive bias tasks could inform the validity and implementation of strategies to increase positive moods and decrease stress in farm livestock. 

Limitations 
Almost all the studies included in this review used the Go/No go task. However, The Go/No Go task, does not allow us to clearly disentangle the effects of training from those of animals’ pre-existing motivations, and requires several sessions of training. The use of different paradigms, such as those based on active choices and natural behaviours might help overcoming these limitations. Across all these paradigms, the assessment of the rewarding and punishing properties of the stimuli and the assessment of animals’ cognitive abilities to discriminate between those (e.g. exact quantity of food needed in order to perceive it as positive or negative) appear to be crucial to draw significant and reliable conclusions on the effect of emotions on cognitive bias. Similarly, the assessment of animals’ cognitive and sensory abilities to discriminate positive, negative, and ambiguous cues and the differences between them might improve the reliability of findings. Finally, the evaluation of species-specific differences and individual personality characteristics could help our understanding of baseline differences in animals’ motivation to approach/avoid rewarding and punishing stimuli, which might affect the performance on the judgement bias task. One of the limitations of this review is that only a minority of studies were explicitly aimed at investigating positive emotions using the judgment bias task. This might indicate that the identification of rewarding stimuli is more difficult than the identification of negative stimuli and that we need more information on what constitutes a positive experience for animals the use of the judgment bias task to detect positive emotional states seems to be more challenging to. 

Future directions
Boissy et al (2007, 2014) suggest that cognitive, rather than environmental enrichment, could be a viable option to induce positive emotional states. The use of physiological and vocal measures complementing the identification of behavioural approach and avoidance could also strengthen and clarify the outcomes of cognitive bias tasks and provide information on emotional arousal as well as valence. Finally, the use of computational models could help identify and assess cognitive and motivational variables which might affect the performance on the judgment bias test (Trimmer et al 2013).

Conclusions
This review supports the use of judgment bias tasks to assess negative emotional states in animals. The use of this task to assess positive emotional states has not been explored extensively yet, but has the potential to inform welfare practices in livestock. The assessment of animal personality differences and cognitive-sensory abilities, and the identification of emotionally salient cues could improve the understanding and reliability of the findings obtained from using cognitive bias paradigms. 
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Table 1. Studies included in the review in temporal order. The table show the main characteristics: species, type of stimuli, tasks, manipulation to induce the putative affective state and a brief description of main findings. 
Species	Reference	Cue Type	Response	+ Reinforcer	- Reinforcer	Affect manipulation	Main finding
Rat (Rattus norvegicus)	Harding et al (2004)	Auditory stimuli	Go/No-Go (lever press)	Food	Noise	Unpredictable vs. predictable housing 	Rats in the unpredictable housing condition were slower to respond and tended to show fewer responses to ambiguous tones close to the positive tone and to the tone itself
European Starling (Sturnus vulgaris)	Bateson & Matheson (2007)	Visual stimuli (grey scale)	Go/No-Go (lid-flipping)	Food	Unpalatable food	Enriched vs. standard housing	Starlings moved from an enriched to a standard cage were less likely to approach and flip the intermediate grey lid. An opposing trend was found in the birds that had been moved from the standard to the enriched cage
Rat (Rattus norvegicus)	Burman et al (2008a)	Spatial location	Go/No-Go (locomotion)	Food	No food	Enriched vs. standard housing 	Rats housed without enrichment took longer to approach an ambiguous probe when this was positioned closest to the unrewarded location than rats in the enriched housing condition
Rat (Rattus norvegicus)	Burman et al (2008b)	Speed of running 	Successive negative contrast(SNC) paradigm	Food	Fewer food items per session	Enriched vs. standard housing	Unenriched rats displayed a prolonged response to a decrease in anticipated food reward




Species	Reference	Cue Type	Response	+ Reinforcer	- Reinforcer	Affect manipulation	Main finding
European Starling (Sturnus vulgaris)	Brilot et al (2009)	Visual stimuli (eyespots)	Go/No-Go (approach to the food bowl)	None	None	4 auditory stimuli set up to elicit fear/anxiety	Ambiguous eyespots were treated no differently from the visual stimulus without eyespots.  No evidence was found that the auditory stimuli eliciting fear/anxiety caused increased aversion to ambiguous eyespots
Rat (Rattus norvegicus)	Burman et al (2009)	Spatial location	Go/No-Go (locomotion)	Food	Unpalatable food	High light level vs. low light level	Rats that switched from high to low light levels displayed a more positive judgement of ambiguous locations compared to those that switched from low to high light levels
European Starling (Sturnus vulgaris)	Brilot et al (2010)	Visual stimuli(grey scale background) 	Active choice 	Food (high reward 3 mealworm)	Food (low reward 1 mealworm)	Enriched vs. standard housing	Stereotyping starlings were more likely to choose the dish associated with the smaller food reward in the presence of the most ambiguous discriminative stimulus
Sheep (Ovis aries)	Doyle et al (2010)	Spatial location	Go/No-Go (locomotion)	Food	No food + presence of a dog	Restraint and isolation stress (RIS)	Restrained and isolated sheep were more likely to approach the ambiguous bucket locations, suggesting RIS-treated animals had a more optimistic-like judgement bias
Dog (Canis lupus familiaris)	Mendl et al (2010b)	Spatial location	Go/No-Go (locomotion)	Food	No food	Different separation-related behaviour (SRB) scores	Dogs expressing more SRB behaviour showed a more ‘pessimistic’ judgement of ambiguous test locations




Species	Reference	Cue Type	Response	+ Reinforcer	- Reinforcer	Affect manipulation	Main finding
Dogs (Canis lupus familiaris)	Burman et al (2011)	Visual stimuli (grey scale)	Go/No-Go (locomotion)	Food	No food	‘Neutral’ treatment vs. ‘Post-consumption’ treatment (food)	Rewarded dogs took significantly longer to approach an intermediate ambiguous stimulus, suggesting that they were less likely to anticipate food (negative judgement) compared to dogs in the ‘Neutral’ treatment group
Sheep  (Ovis aries)	Doyle et al (2011a)	Spatial location	Go/No-Go (locomotion)	Food 	No food + fan-forced blower	Chronic, intermittent stressor events (3weeks)	Exposure to unpredictable, aversive events over a long period of time generated a negative judgement bias in lambs, as reflected in the lower number of approaches of the stressed sheep to the bucket located 1.15 m from the positive location
Sheep  (Ovis aries)	Doyle et al (2011b)	Spatial location	Go/No-Go (locomotion)	Food	No Food + presence of dog	Administration of p-Chlorophenylanine  50 mg/ml and water solution in a control group	Following 5 days of treatment, p-Chlorophenylanine (pCPA) treated group approached the positive ambiguous location significantly less than the control group a similar trend  after the cessation of the treatment, showing a negative judgment bias 




Species	Reference	Cue Type	Response	+ Reinforcer	- Reinforcer	Affect manipulation	Main finding
Sheep (Ovis aries)	Sanger et al (2011)	Spatial location 	Go/No-Go task	Food	No food + presence of dog	Short-term stress of shearing (hypothermia)	In one cohort group the shorn sheep displayed a more positive judgement bias than control sheep. In the second cohort the shorn sheep were no different from controls in judgement bias
Mice (Mus musculus)	Boleij et al (2012)	Odour stimuli	Go/No-Go 	Palatable food	Unpalatable food	White vs. red light	BALB/c mice showed a negative judgment bias under both the negative and positive conditions
Rat (Rattus norvegicus)	Brydges et al (2012)	Tactile discrimination (sandpaper texture)	Active choice  	Food reward of high value 	Food reward of less value 	Juvenile stress (JS)	JS animals were lighter than controls and were more optimistic in the cognitive bias test. JS animals were also faster than controls to make a decision when presented with an ambiguous stimulus
Sheep (Ovis aries)	Destrez et al (2012)	Spatial location		Go/No-Go (locomotion)	Food 		No food + fan-forced blower	Administration of diazepam (0.10mg/kg) and saline in equal concentration in the control group	Control lamb increased their approach to one of the ambiguous stimuli while the treated animals maintained the same latency 
Pig (Sus scrofa)	Douglas et al (2012)	Auditory stimuli	Go/No-Go task	Food	Aversive experience	Enriched vs. standard housing	Pigs had more optimistic judgement biases in enriched environments. Also, pigs that have spent time in an enriched environment reacted more negatively to being subsequently housed in a barren environment




Species	Reference	Cue Type	Response	+ Reinforcer	- Reinforcer	Affect manipulation	Main finding
Rat(Rattus norvegicus)	Richter et al (2012)	Spatial location	Go/No-Go 	Food	Unpalatable food	Enriched vs. standard housing 	Enrichment was associated with more optimistic interpretation of ambiguous cues in both “helpless” and “non-helpless” male rats
Rat (Rattus norvegicus)	Rygula et al (2012)	Auditory stimuli	Operant Skinner box (lever press)	Food	Mild electric shock	Manual stimulation – tickling inducing a positive affective	Tickling induced positive emotions, as indexed by rat’s laughter, and was associated with more optimistic choices under ambiguous stimuli
Hens (Gallus gallus)	Wichman et al (2012)	Spatial location	Go/No-Go task (locomotion)	Food	No food	Enriched vs. standard housing	No significant differences between treatments were found
Goat (Capra hircus)	Briefer and McElligott (2013)	Spatial location	Go/No-Go task (locomotion)	Food	No food	Past experience of poor care vs. control group (general good care condition)	Rescued female goats with poor care experience displayed optimistic moods or similar as male without experience of poor care
Sheep (Ovis aries)	Destrez et al (2013)	Spatial location	Go/No-Go task	Food	No food + fan-forced blower	Chronic stress treatment for 9 weeks  (unpredictable, uncontrollable aversive events such as predator,  dog, conspecific signals and human signals) 	Sheep stressed chronically for 9 weeks spend more time reaching the ambiguous location of the stimuli, indicating a negative judgement bias   




Species	Reference	Cue Type	Response	+ Reinforcer	- Reinforcer	Affect manipulation	Main finding
Cattle(Bos taurus)	Neave et al (2013)	Visual stimuli	Go/No-Go task	Milk (0.14L)	No food	Dehorning 	After dehorning calves judge more negative the ambiguous stimuli. First evidence that a pain procedure (dehorning) are able to change the emotional state of calves
Rats (Rattus norvegicus)	Papciak et al (2013)	Auditory stimuli	Active choice	Food reward	Electric  shock	Social defeat in the resident-intruder paradigm for 3 weeks (stressed group) and daily manipulation (control group) 	Stressed group made more pessimistic choice at ambiguous cues
Cattle(Bos taurus)	Daros et al (2014)	Visual stimuli	Go/No-Go task	Milk	1 min of delay to the next trial + noise whistle sound	1) Separation from the mother2) Dehorning	Maternal separation calves judge the ambiguous stimuli more negatively. Also separation from the mother generates a similar judgement bias highlighted during the dehorning procedure (see also Neave et al 2013) 
Sheep (Ovis aries)	Verbeek et al (2014a)	Visual and spatial stimuli	Go/No-Go task 	Social reward (sheep)	Dog	Level of feeding restriction. Two groups: high feeding level and low feeding level for 7 days	Sheep under prolonged food restriction express more positive interpretation of ambiguous cues compared with a group of sheep with high feeding level 
Sheep (Ovis aries)	Verbeek et al (2014b)	Visual and spatial stimuli	Go/No-Go task	Social reward (sheep)	Dog	Palatable and unpalatable food and subsequent administration of opioid agonist (Morphine 1 mg/Kg), administration of opioid antagonist (Naloxone 2 mg/Kg) and sterile water (10 mg/Kg) 	Palatable food induces positive judgement bias in the animals that received the unpalatable food. Also a near-significant interaction treatment and location/cue when injected with morphine, which enhanced the positive bias




Table 2. Studies included in this  review in temporal order. The table shows the main characteristics of each: species used, reference, number of cues utilized, behaviours measured in the judgement task, prediction in relation to judgment bias, outcome (prediction confirmed or not), and bias location.
Species	Reference	No. of cues utilized	Behaviours measured 	Prediction 	Outcome	Bias locationdetected
Rat (Rattus norvegicus)	Harding et al (2004)	3(1 ambiguous)	Proportion of tones responses;Time to respond to the tone 	Negative bias 	Confirmed	Nearest cue to the positive training cue
European Starling (Sturnus vulgaris)	Bateson & Matheson (2007)	5 (3 ambiguous)	Proportion of lids flipped 	Negative bias	Confirmed	Nearest cue to the positive training cue
Rat (Rattus norvegicus)	Burman et al (2008a)	5(3 ambiguous)	Average time to reach the cue	Negative bias after moving from an enriched to a standard housing condition 	Confirmed	Nearest cue to the unrewarded location
Rat (Rattus norvegicus)	Burman et al (2008b)	None	Time to reach the cue;Time to feed	Negative bias in rats housed in standard conditions 	Confirmed	None 
European Starling (Sturnus vulgaris)	Matheson et al (2008)	9(7 ambiguous)	Choice of cue	Positive judgement bias associated with enriched cage	Confirmed	None
European Starling (Sturnus vulgaris)	Brilot et al (2009)	4(2 ambiguous)	Proportion of time spent in each zone in the cage; Latency to make first movement;Latency to first approach the food bowl;Proportion of time spent facing the eyespot stimulus	Interaction between the state of the birds and their response to the eyespot stimuli	Not confirmed 	None




Species	Reference	No. of cues utilized	Behaviours measured 	Prediction 	Outcome	Bias locationdetected
European Starling (Sturnus vulgaris)	Brilot et al (2010)	5(3 ambiguous)	Choice of cue;Latency between presentation of cue and choice	Negative judgement bias in non-enriched conditions compared with enriched conditions	Not confirmed 	None
Sheep (Ovis aries)	Doyle et al (2010)	5(3 ambiguous)	Average time to approach the cue	Sheep exposed to the stressor would show negative judgement bias compared to control sheep	Negative bias not confirmed. Found a positive bias instead. Sheep exposed to the stressor showed a positive judgement bias  	Central cue
Dog (Canis lupus familiaris)	Mendl et al (2010b)	5(3 ambiguous)	Latency to reach the cue	Dogs with higher levels of separation-related behaviour (SRB) would show negative judgement bias 	Confirmed	Central cue and near negative cue
Honeybee (Apis mellifera)	Bateson et al (2011)	5(3 ambiguous)	Extension of proboscis 	Shaken bees would exhibit negative judgement bias	Confirmed	Near negative cue
Dogs (Canis lupus familiaris)	Burman et al (2011)	5(3 ambiguous)	Latency to approach the cue	Dogs with a rewarding experience before testing would exhibit a positive judgment bias compared with a control group	Negative bias not confirmed. Positive bias found instead. Rewarded dogs showed a pessimistic judgment bias	Central cue
Sheep  (Ovis aries)	Doyle et al (2011a)	7(5 ambiguous)	Latency to approach the cue	Stressed sheep would have a more negative judgement bias	Confirmed	Near positive cue 




Species	Reference	No. of cues utilized	Behaviours measured 	Prediction 	Outcome	Bias locationdetected
Chicks (Gallus gallus)	Salmeto et al (2011)	5(3 ambiguous)	Start latency (time to step  outside the start box);Goal latency (time to cross a defined mark located 10 cm away from the cue)	Non stressed chick runway latencies would differ according to the cue used;Chicks isolated for 5 min less approach behaviour to ambiguous cues close to the negative cue;Chicks isolated for 60 min less approach behaviour to ambiguous cues closest to both positive or negative	Confirmed	Central cue and near negative cue 
Sheep (Ovis aries)	Sanger et al (2011)	5(3 ambiguous)	Approach the cues	Sheep released from the short-term stress of shearing would show positive judgement bias	Confirmed	Central cue
Mice (Mus musculus)	Boleij et al (2012)	5(3 ambiguous)	Latency to eat;Latency and duration of exploratory behaviour;Locomotor behaviours;Picking up the food	BALB/c mice more negative judgement bias compared with129P3;BALB/c mice tested under white light condition more negative judgement than mice tested under dark light condition	Confirmed	None 




Species	Reference	No. of cues utilized	Behaviours measured 	Prediction 	Outcome	Bias locationdetected
Sheep (Ovis aries)	Destrez et al (2012)	5(3 ambiguous)	Latencies to approach the cue	Ability of diazepam treatment to induce an optimistic-like judgement bias	Confirmed 	Close to the positive cue
Pig (Sus scrofa)	Douglas et al (2012)	3(1 ambiguous cues)	Approach behaviour  to the cue;Latency to approach the cue	Pigs housed in enriched pens would show positive judgement bias compared with pigs housed in barren pens;Experience of barren pen following the enrichment condition would increase negative judgment bias 	Confirmed	None
Tufted capuchin (Cebus apella)	Pomerantz et al (2012)	3(1 ambiguous cue)	Choice associated with preferred reward;Pacing behaviour;Head-twirls	Association between stereotypic behaviour and negative judgement bias	Confirmed. Monkeys with head twirls displayed  negative judgement bias	None
Rat(Rattus norvegicus)	Richter et al (2012)	5(3 ambiguous)	Latency to “reach” the cue (time taken to touch the cue); Latency to “choose” the cue (time taken to place nose in food bowl);Number of arm choices;Number of head dips;Number of rearing (standing upright on its hind limbs) 	Enrichment would affect judgment biases in helpless and non-helpless rats	Partially confirmed. Enrichment housing condition increased positive judgement bias in both groups (only evident in latency to choose behaviour)	None




Species	Reference	No. of cues utilized	Behaviours measured 	Prediction 	Outcome	Bias locationdetected
Hens (Gallus gallus)	Wichman et al (2012)	5(3 ambiguous)	Latency between leaving the start box and pecking the cue	Difference in enriched and standard housing conditions	No confirmed	None (trend toward Central cue)
Goat (Capra hircus)	Briefer and McElligott (2013)	5(3 ambiguous)	Latency to reach the location of cue	Goats with poor welfare experience more negative judgement bias;Absence of negative judgement bias would indicate recovery 	Partially Confirmed.Only females with poor welfare experience showed a positive judgement bias 	Close to the positive cue and close to the negative cue
Sheep (Ovis aries)	Destrez et al (2013)	5(3 ambiguous)	Latency to reach the location of cue	Chronic stress treatment for 9 weeks  induce a negative mood  	Confirmed 	Negative, close to negative middle and closed to positive cues
Grizzly bear(Ursus arctos horribilis)	Keen et al (2013)	5(3 ambiguous)	Response to the central cue;Time interaction with the enrichment item;Pacing behaviour (repetition of the same route with or without head tossing/ pirouetting) 	Bears would show more positive judgement bias to the central cue after long interaction with enrichment item (associated with high reward);bears would show negative judgement bias towards  central cue after longer periods engaged in stereotypic behaviour (associated with low reward)	Not Confirmed. Enrichment was not a significant predictor of cognitive bias response at the central cue. Pacing behaviour was associated with a positive judgement bias 	None 
Cattle (Bos taurus)	Neave et al (2013)	5(3 ambiguous)	Responses to ambiguous cue	Experience of dehorning associated with pessimistic bias 	Confirmed	Central cue and Near negative cue
Rats (Rattus norvegicus)	Papciak et al (2013)	3 (1 ambiguous)	Response to the cues;Number of omissions	Effect of psychosocial stress (resident-intruder paradigm) on negative judgement bias	Confirmed	None




Species	Reference	No. of cues utilized	Behaviours measured 	Prediction 	Outcome	Bias locationdetected
Cattle(Bos taurus)	Daros et al (2014)	5(3 ambiguous)	Response to the cues;Number of omissions	Separation from the dam induce a negative judgement bias	Confirmed 	Near negative and central cue
Sheep (Ovis aries)	Verbeek et al (2014a)	5(3 ambiguous)	Approach response to the cue;Number of steps, Number of vocalisations Number of oral manipulations of the walls and floor	Chronic food restriction would lead to a negative judgement bias	Negative judgment bias not found. Positive judgment bias found instead	None
Sheep (Ovis aries)	Verbeek et al (2014b)	5(3 ambiguous)	Approach response to the cue	Consuming palatable food reward induces positive judgement bias compared when receiving unpalatable food. Also morphine administration boosts the positive bias after consuming the food reward and reduces the negative bias after receiving the unpalatable food. Naloxone would prevent the formation of positive judgement bias after  consumption of food reward and little effect after receiving the unpalatable food	Partially confirmed. Consuming food reward induces positive judgement bias compared when receiving unpalatable food. Morphine administration boosts the positive bias after receiving the food reward. No evidence of reduction of negative bias after the consuming the unpalatable food with the administration of morphine. Noloxone had no effect in these experiments	None




Figure 1. Core affect represented in a two-dimensional space. 
Positive affective states in quadrants Q1 and Q2, and negative affective states in quadrants Q3 and Q4. Arrows indicate putative biological and behavioural system associated with reward (Q3 and Q1) and avoidance (Q2 and Q4). Adapted from “An integrative and functional framework for the study of animal emotion and mood”, by Mendl M, Burman OHP and Paul ES 2010a Proceedings of the Royal Society, B 277: 2895–904. Copyright 2010 by the Royal Society. Adapted with permission.
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